Objective: To compare the clinical and imaging characteristics of those PRECEPT (Parkinson Research Examination of CEP-1347 Trial) subjects with a scan without evidence of dopaminergic deficit (SWEDD) to those with dopamine transporter (DAT) deficit scans at study baseline and during a 22-month follow-up. Methods: Baseline (n 5 799) and 22-month follow-up (n 5 701) [ 123 I] b-CIT SPECT scans were acquired. The percent change in [ 123 I] b-CIT striatal binding ratio, the percentage of subjects requiring dopaminergic therapy, the change in Unified Parkinson's Disease Rating Scale (UPDRS) score, and the PRECEPT Study investigators' diagnosis at study termination were compared between SWEDD and DAT deficit subjects.
In several recent Parkinson disease (PD) clinical trials, dopaminergic imaging has been used as a tool to assess PD progression. Both dopamine transporter (DAT) SPECT and [ 18 F] fluoro-Ldopa PET imaging identified research subjects having a scan without evidence of dopaminergic deficit (SWEDD) enrolled in PD clinical trials of newly diagnosed untreated patients. [1] [2] [3] [4] In PD studies enrolling participants within 9 months of PD diagnosis, approximately 10% to 15% of the research subjects have a SWEDD. Longitudinal assessment has demonstrated that those subjects with a SWEDD at baseline continue to have a SWEDD in follow-up scans for at least a 4-year period. 5 The Parkinson Research Examination of CEP-1347 Trial (PRECEPT) was a multicenter, randomized, double-masked, placebo-controlled study to examine the efficacy and long-term safety of CEP-1347 as a potential disease-modifying treatment in patients with early PD. 3 The primary clinical endpoint for PRECEPT was prespecified as the time to the development of disability requiring dopaminergic therapy. Secondary endpoints included the change from baseline to 22 months in [ 123 I] b-CIT SPECT imaging targeting striatal DATs. Of the 806 subjects enrolled in the PRECEPT Study, 799 underwent [ 123 I] b-CIT imaging at baseline. Approximately 11% of the imaged subjects enrolled in PRECEPT had a SWEDD at baseline, the largest and best clinically characterized group of study subjects with a SWEDD. In this report, we compare the baseline and follow-up clinical and imaging characteristics of those PRECEPT subjects with a SWEDD to those with scans showing a DAT deficit.
METHODS PRECEPT subjects were enrolled at 65 participating Parkinson Study Group (PSG) research sites (www. parkinson-study-group.org). Eligible patients included those who at the time of PD diagnosis were older than 30 years and who at the screening and baseline evaluations had at least 2 of the cardinal signs of PD (resting tremor, bradykinesia, rigidity) and no current or imminent (in next 3 months) PD disability requiring dopaminergic therapy. Subjects were excluded from participation because of atypical or drug-induced parkinsonism, a diagnosis of PD .5 years' duration, a resting tremor score $3 in any limb, Mini-Mental State Examination score #26, or a Beck depression score $15.
Subjects were randomized equally to CEP-1347 10 mg, 25 mg, or 50 mg, all twice a day, or matching placebo, and evaluated blindly and prospectively. At study baseline, subjects were imaged with [ 123 I] b-CIT at the Institute for Neurodegenerative Disorders in New Haven, CT, in a standardized manner using previously described image acquisition and processing. 6, 7 Repeat [ 123 I] b-CIT imaging was planned for all subjects after 22 months of follow-up, and the predefined neuroimaging outcome was the percent change from baseline in the [ 123 I] b-CIT striatal binding ratio.
Based on a previously acquired database of 100 healthy subjects, baseline scans were categorized as DAT deficient (#80% age-expected lowest putamen [ 123 I] b-CIT), or not DAT deficient (.80% age-expected lowest putamen [ 123 I] b-CIT). 8, 9 Subjects with scans without evidence of DAT deficit were denoted as SWEDD subjects. The neuroimaging personnel were blinded to treatment assignment and to all clinical information. [ 123 I] b-CIT SPECT scan results were transferred to and analyzed by the PSG Biostatistics Center in Rochester, NY.
The PRECEPT Study was terminated after an average of 21 months' follow-up when a planned interim analysis showed that it would be futile to continue study treatment. All subjects who had not yet undergone their planned 22-month [ 123 I] b-CIT SPECT scan were contacted to determine their willingness to undergo repeat imaging. The individuals recruiting PRECEPT subjects for imaging follow-up, the site investigators, and the subjects themselves were unaware of the results of the baseline imaging study at the 22-month scan.
Standard protocol approvals, registrations, and patient consents. Institutional review board human subject approval was obtained for all study assessments, and written informed consent was obtained before any study activity. The study was registered at clinicaltrials.gov: NCT00605163. (table 1) show a lower proportion of male participants and a lower baseline UPDRS score, including a lower maximal tremor score, among SWEDD subjects. In the 708 DAT deficit subjects imaged at a mean of 0.8 years after diagnosis, [ 123 I] b-CIT putamen uptake was reduced to 41.7% of age-expected normal value (table 2), whereas putamen uptake was essentially normal in SWEDD subjects.
Of the 65 participating clinical sites in PRECEPT, 41 recruited at least one SWEDD subject. Enrollment in these 41 sites showed 14 sites with one SWEDD subject, 16 sites with 2 SWEDD subjects, 4 sites with 3 SWEDD subjects, and 7 sites with 4 or more SWEDD subjects. The mean number of subjects recruited per site was 12.3 (range 4-29). Enrollment of Table 1 Baseline clinical characteristics (n 5 799), by scan status at scan 1 2) in subjects with a baseline SWEDD, compared with 28.5% (SD 11.9) in subjects with a baseline DAT deficit scan (p , 0.0001) (table 3) . Among the 72 SWEDD subjects, 66 remained SWEDD at 22 months. Of those 6 SWEDD subjects who switched categories, 4 had a 22-month scan in the indeterminate range (65%-80% of age-expected putamen). Among the 629 DAT deficit subjects, 626 remained DAT deficit at 22 months. Of those 3 subjects with DAT deficit scans who switched categories, one had a baseline scan in the indeterminate range (65%-80% of age-expected putamen).
Clinical outcomes. The primary clinical endpoint for PRECEPT was the time to the development of disability requiring dopaminergic therapy. The figure plots the probability of reaching the endpoint during the PRECEPT study period. The probability of reaching the endpoint after 12 months' follow-up for those subjects with a baseline SWEDD was 16.7% (95% confidence interval [CI] 10.2, 26.6), compared with 50.9% (95% CI 47.2, 54.8) in subjects with a baseline DAT deficit scan.
The mean change in total UPDRS score (parts I, II, and III at 12 hours defined off) from baseline to either primary clinical endpoint or study completion or termination (in non-endpointers) was 0.5 (SD 6.9) in those subjects with a baseline SWEDD, while the mean change in UPDRS score in subjects with a baseline DAT deficit scan was 10.5 (SD 8.9) (table 3) . The change in motor UPDRS score was also reduced in SWEDD subjects compared with DAT deficit subjects.
Subjects were further compared at their 22-month scans by whether they were treated with dopaminergic medications. Based on scan status at their 22month scans, 13% of subjects (9/69) with a SWEDD were undergoing dopaminergic treatment, compared with 68% (428/632) of DAT deficit subjects.
Diagnosis. At study termination, the PRECEPT investigators at the clinical sites were asked to complete a questionnaire identifying the likely diagnosis of the subjects enrolled at their site (table 4). The investigators Table 2 Baseline imaging characteristics (n 5 799), by scan status at scan 1 Abbreviations: CIT 5 carbomethoxy-3-b-(4-iodophenyl)tropane; DAT 5 dopamine transporter; SWEDD 5 scan without evidence of dopaminergic deficit. Data are mean (SD). were asked to provide their best diagnosis based on all available clinical data but had no access to the imaging data. The possible diagnoses listed at study termination can be divided into 2 groups: (1) degenerative parkinsonian syndrome with loss of neurons in the substantia nigra compacta expected to result in a striatal DAT deficit, termed here DAT deficit parkinsonism (DDP) (PD, progressive supranuclear palsy, multiple system atrophy, corticobasal ganglionic degeneration, Lewy body disease, hemiparkinson syndrome, and juvenile parkinsonism); and (2) pseudo-parkinsonian (PP) syndrome unlikely to have a DAT deficit (essential tremor, dystonic tremor, vascular parkinsonism, psychogenic illness, Alzheimer disease, doparesponsive dystonia, other unspecified neurologic illness, or no neurologic disorder). [10] [11] [12] [13] Comparison of diagnoses in those subjects with a baseline [ 123 I] b-CIT SPECT SWEDD to subjects with a baseline DAT deficit scan demonstrated that 44.4% (40/90) (95% CI 34.2, 54.7) of SWEDD subjects and 3.7% (26/707) (95% CI 2.3, 5.1) of subjects with DAT deficit were given clinical diagnoses at study termination consistent with PP. There were no differences in baseline clinical or imaging characteristics among the SWEDD subjects with PP at PRECEPT Study termination (n 5 40) compared with those with a DDP diagnosis at PRECEPT Study termination (n 5 50) except for an increase in resting tremor among those with a DDP diagnosis compared with a PP diagnosis (mean maximum UPDRS score resting tremor 1.0 [SD 0.7] vs 0.6 [SD 0.6], p , 0.005). Among SWEDD subjects with follow-up scans, while 6 of 40 DDP subjects changed to either indeterminate (n 5 4) or DAT deficit (n 5 2), none of 32 PP subjects changed status. Comparison of follow-up striatal imaging outcomes showed no significant differences (change from baseline of 21.3 [SD 13.1] vs 1 [SD 11.1]), but the change in total UPDRS score was significantly greater in the DDP group (2.2 [SD 6.4] vs 21.7 [SD 6.9], p , 0.05). The proportion of subjects needing dopaminergic therapy was higher in the DDP group, but this comparison did not reach statistical significance (p 5 0.11). Despite the minor differences between the DDP and PP groups, the change in striatal [ 123 I] b-CIT uptake, the change in UPDRS score, and the probability of development of disability requiring dopaminergic therapy were significantly different for both the DDP and PP SWEDD groups compared with the DAT deficit group (p , 0.001 for each of the 6 comparisons). follow-up, consistent with the rate of change previously seen among healthy subjects. [14] [15] [16] UPDRS scores at baseline were considerably lower in SWEDD subjects compared with DAT deficit subjects, and there was no change in UPDRS scores during the 22-month follow-up in SWEDD subjects, compared with an increase in DAT deficit subjects consistent with other clinical studies of newly diagnosed PD. 2, [17] [18] [19] Subjects with a baseline SWEDD showed an equal sex distribution, rather than the expected male predominance in PD evident in most PD clinical studies. The percentage of subjects reaching the PRECEPT Study endpoint of disability requiring dopaminergic therapy was reduced in those subjects with a SWEDD compared with DAT deficit subjects. Finally, the proportion of SWEDD subjects treated with dopaminergic medication at their 22-month scan was markedly lower than for DAT deficit subjects. In summary, these data indicate that subjects identified as SWEDD, with DAT imaging within the normal range, have minimal evidence of clinical or imaging PD progression. While these data are not definitive, they strongly suggest that SWEDD subjects are unlikely to have idiopathic PD. If SWEDD subjects do not have PD, what is their diagnosis? This question was partially answered by the site investigators in PRECEPT, who were asked to select their best clinical diagnosis at study termination from a list including PD and common alternatives. All subjects were required to have a clinical diagnosis of PD at enrollment. The possible diagnoses at study termination can be divided into DDP (those expected to have a striatal DAT deficit) and PP (those unlikely to have a DAT deficit). Among the SWEDD subjects, 40 of 90 subjects received revised diagnoses that would be consistent with PP. Essential tremor (n 5 15) and no neurologic illness (n 5 9) were the most common diagnoses among the SWEDD subjects with revised diagnoses at termination, but no single diagnosis was predominant. Among the SWEDD subjects with DDP, 6 of 50 subjects changed from SWEDD to either indeterminate (n 5 4) or DAT deficit (n 5 2), suggesting that these subjects might be on a trajectory of reduced DAT.
Comparison of SWEDD subjects diagnosed at PRECEPT termination with DDP and PP may provide some insight into the diagnostic rationale of the investigators. Regardless of final diagnosis, the SWEDD subjects had similar baseline clinical and imaging characteristics except for an increase in resting tremor in those with a DDP diagnosis. For SWEDD subjects with follow-up scans, the clinical and imaging characteristics were also similar but showed an increased change in UPDRS score in the SWEDD subjects with DDP compared with PP diagnoses. The presence of resting tremor may have contributed to the persistent DDP diagnosis and may have resulted in the slight increase in UPDRS scores among the DDP compared with PP SWEDD subjects. It has been suggested that SWEDD subjects may have a dystonic tremor masquerading as PD, but it is uncertain whether the tremor in any of the PRE-CEPT subjects had those characteristics. 20, 21 The change in diagnosis from idiopathic PD at baseline to a PP alternative at study termination in 44% of SWEDD subjects compared with 3.7% of those with DAT deficit [ 123 I] b-CIT scans at baseline again demonstrates that the SWEDD group differs from those with baseline DAT deficit scans. Based on investigator report, the baseline SWEDD subjects with a final diagnosis of PP were less likely to manifest tremor, bradykinesia, and rigidity than those with a DDP diagnosis. However, SWEDD subjects with either a revised PP or a persistent DDP diagnosis at study termination showed minimal change in clinical and imaging outcomes compared with subjects with baseline [ 123 I] b-CIT DAT deficit scans. This suggests that while SWEDD subjects may have variable clinical presentations, the baseline [ 123 I] b-CIT imaging is highly predictive of subsequent clinical and imaging PD progression. The persistent diagnosis of DDP in 56% of SWEDD subjects at PRECEPT Study termination likely reflects the difficulty in revising diagnoses in a clinically variable and slowly progressive illness such as PD.
SWEDD subjects have been identified in several PD clinical trials using dopaminergic imaging. Because of the difficulties of making PD diagnoses, the percentage of SWEDD subjects among those enrolled depends on the duration from diagnosis at baseline of the study subjects. In both the ELLDOPA and REAL PET studies, the duration from PD diagnosis was 9 months and the percentage of SWEDD subjects was 15% (21/142) and 11% (21/186). 2, 21 In the CALM-PD study, the duration from PD diagnosis was 18 months and the percentage of SWEDD subjects was only 5% (4/82), while in the GPI-1485 study, duration from PD diagnosis was 24 months and the percentage of SWEDD subjects was only 1% (2/201). 1, 22 The SWEDD group in the PRECEPT Study is consistent with previous studies enrolling subjects with short duration from diagnosis. These data strongly suggest that the probability of enrolling SWEDD subjects increases as subjects with earlier diagnoses are included in the study. The longitudinal follow-up in the PRECEPT Study showing largely unchanging imaging diagnoses among SWEDD and DAT deficit subjects between baseline and 22 months further makes it very unlikely that SWEDD occurs due to lack of sensitivity of imaging outcomes in early PD. Evidence from other cross-sectional studies demonstrates that even at the threshold of PD symptoms, DAT imaging uptake is reduced by 50% to 60%. 8, 23 Finally, identification of the SWEDD subjects in the PRECEPT Study raises the practical question of whether dopaminergic imaging should be used as an inclusion criterion for early PD clinical trials. Because the study sample size required is inversely proportional to the square of the hypothesized average treatment effect, assuming a drug had no effect on SWEDD subjects, for a given study, eliminating SWEDD subjects would reduce sample size by 19% (if 10% SWEDD) and 28% (if 15% SWEDD). While imaging would likely enrich the study sample for idiopathic PD, it also adds cost, complexity, and patient burden to the trial. If there is substantial experience with the study drug demonstrating a good safety profile, it may be more desirable to conduct the study without imaging but with the understanding that some subjects who do not have PD will likely be recruited, resulting in increased sample size and time of study recruitment compared with studies with baseline imaging eligibility criterion.
As studies focus on early diagnosis of PD or even premotor diagnosis, the use of imaging in PD clinical studies becomes both more crucial and more complicated. The PRECEPT imaging data indicate that DAT imaging at study baseline is a sensitive predictor of follow-up measures of clinical and imaging progression and that those subjects with baseline scans without evidence of dopaminergic deficit are very unlikely to have PD.
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